The relationship between coolness and sensation of comfort was investigated as aerosol spray was applied to the skin. Sensory evaluation, such as Scheffe's method of paired comparison (modified method by Nakaya), was carried out to investigate the difference in coolness between samples of water and ethanol in various concentrations. Subjects were also asked whether or not they experienced the "shittori" sensation, a Japanese term defined as the sensation perceived when individuals feel that their skin is maintaining adequate moisture. The distribution of skin surface temperature before and after spraying was photographed using thermography.
Introduction
Coolness and comfort are important to consider when evaluating the material properties of textiles and the wellbeing of people, in general. We feel a passive sense of coolness as comfortable or uncomfortable, depending on the environmental conditions, and a positive feeling of coolness can be generated by applying a cool stimulus, such as aerosol spray. Cooling by aerosol spray has been used not only in industry, but also in medicine, cosmetics and, recently, the textile industry. There are different types of aerosol spray used for the skin, and various indications for use, including the production of a cool feeling during perspiration, induction of numbness for sprains using cold, and regulation of the surface temperature of clothing. The present study investigated the form of aerosol spray for regulating comfort in a clothing environment. A linear relationship was observed between coolness and comfort when the instep of twenty-nine women, wearing pantyhose, were sprayed using various ratios of ethanol, a surfactant and liquefied petroleum gas, and a difference in the sensation of coolness was observed by the coolness produced by gas and ethanol [1] . The advantage of using aerosol spray is its ability to cool a material surface quickly, but the feeling produced by the cold spray is sometimes perceived as an uncomfortable sensation, and the duration of coolness is also limited. More applications using a cooling spray might be considered if these two disadvantages can be overcome.
It has been reported that discomfort from localized cooling of the skin depends on the area of the body being cooled [2] . Subjects wearing a cooling suit experienced a cool feeling in response to the local temperature of the skin. When the cold stimuli were applied by air flow to the face, the rectum and other parts of the skin, decreases in temperature were also observed [3] . A decrease in the surface temperature of the skin by localized cooling influences spinal cord excitability [4] .
During perspiration, comfort is governed by the temperature difference between the surface of the skin and the environment. Changes in the localized temperature of the skin can be controlled using spray parameters. Two main factors must be considered in regard to spray-induced heat transfer, (1) the latent heat of evaporation of the liquid, and (2) the heat transfer using an impinging jet. In the present study, spray parameters, such as nozzle diameter, mist velocity and the amount of mist were kept constant. Therefore, heat loss from the surface is mainly influenced by the latent heat of evaporation of the liquid.
The objective of the present study is to determine the relationship between coolness and the sensation of comfort when an aerosol spray is applied to a localized area of skin. Coolness and the sensation of comfort were evaluated using sensory tests. For future applications using aerosol spray on clothing, a test for estimating the effect of spray cooling was developed measuring the heat loss from a heated plate.
Experimental

1 Aerosol spray sample
Aerosol spray samples were prepared by varying the ratio of ethanol and water under the constant ratio of Dimethyl ether (DME) as shown in Table 1 . (The specific heat of vaporization of water and ethanol are 2440 J/g, 942 J/g at 27°C, respectively.) Samples were poured into containers of equal size with identical nozzles.
2 Spray conditions
1 The amount of mist
The coolness and the sensation of comfort are directly related to the amount of mist, and water in the spray can easily wet the skin or fabric. If a large amount of the spray is applied to the skin surface, rapid cooling can not generate a pleasant coolness, and may cause dampness. To prevent dampness or discomfort, the amount of mist must be controlled by the duration of spray. When ET50 (as shown in Table 1 ) was sprayed to the inner side of the forearm of a subject for one, three and five seconds, the surface temperature of the skin dropped from 32.3 to 17.9, 12.2 and 8.66°C, respectively. The subject started to feel too cold and pain after three seconds of spraying, and drops of liquid were also observed falling from the forearm. Based on these results, one second for delivering the spray was chosen, and the amount of mist delivered in a one-second spray was 0.80 ± 0.10 g. Under this spray condition, drops of liquid did not remain on the skin surface. Identical amounts of mist were obtained using a machine that could adjust spray time.
2 Mist velocity
In the present study, the distance between the nozzle and the target surface was kept constant, at 20 cm. The ratio of DME was also kept constant at 75% for all samples, as shown in Table 1 .
3 Measurements of heat loss and surface temperature
Heat loss from a heated plate was measured for one minute using a KES-Thermo-Labo II (Kato Tech Co., LTD) to estimate the heat transfer induced by various concentrations of ethanol and water. The initial temperature of the plate was approximately 30°C, which was 10°C above room temperature. The heated plate (5 × 5 cm) with an acrylic frame was covered with filter paper, and a constant amount of spray was applied to the plate for one second. The experimental setup is shown in Fig. 1 (a) .
Surface temperature was measured using infrared thermography (Thermo tracer TH9260, NEC Avio Infrared Technologies Co., Ltd.) as soon as spraying was started, and was continuously recorded for one minute. A temperature gradient was observed as the liquid spread across the filter paper, as shown in Fig. 1 (b) . The minimum surface temperature of the heated plate always occurred at the center, where more liquid was absorbed by the filter paper.
4 Evaluation of coolness and comfort feeling 4. 1 Test period and environmental conditions
It is well known that the perception of coolness and sensation of comfort are influenced by the season and the temperature of the environment. When airflow at various temperatures was applied to the face or legs of a subject, the perceived thermal comfort depended on the ambient temperature [3] . Therefore, in the present study, subjective tests were conducted in an air-conditioned laboratory in both March and July. The mean temperature and humidity in the room and the mean outside temperature in Kyoto are shown in Table 2 . In March, the difference between the temperature of the test room and the outside temperature was approximately 3°C. On the other hand, in July, the test room temperature and the outside temperature were similar.
4. 2 Subjects
Healthy male and female subjects (mean age: 23.8 ± 2.7 yrs) volunteered for the study. The subjects were instructed to sit on a chair in an air-conditioned room for 30 minutes prior to all tests, and were not asked to perform any physical activity during this time.
Moisture was measured on a region of the inner side of the forearm of each subject using a moisture checker (MY707S, Scalar Co., Ltd.) before the start of the tests.
4. 3 The threshold value of coolness and sensation of comfort
The subjects indicated their thermal perception, according to a 10-point scale between very cool and very warm, when a temperature-controlled plate (3 × 3 cm) was attached to the inner side of their forearm for one second. The inner side of the forearm has the highest density of cold spots [6] and was expected to be more sensitive to thermal stimuli than other parts of the forearm. We set up a short-time temperature stimulus relating to the one-second spray time and the temperature of the plate was increased by increments of 1°C, from 15 to 38°C, using the KES-F7II Thermo-Labo and KES-F7 Thermo-Labo Thermo Cool (Kato Tech Co., Ltd.). Subjects were asked to evaluate the thermal perception as either comfortable or uncomfortable. It has been reported that the threshold of a cold stimulus is not influenced by the mean skin temperature [5] , so mean skin temperature was not measure during this test.
4. 4 Spray-induced coolness and sensation of comfort
A sample was sprayed onto the inner side of the forearm for one second, and Scheffe's method of paired comparison (modified method of Nakaya, [7] ) was used to evaluate the degree of "coolness" and "comfort". The response from each subject was recorded immediately following and one minute after application of the spray. Moisturizing the skin sometimes evokes a sensation called "shittori", in Japanese, defined as the sensation perceived when individuals feel that their skin is maintaining adequate moisture. In the present study, subjects judged whether or not they felt "shittori" one minute after spraying had stopped.
The magnitude of thermal perception was considered to be related to the rate of temperature change. Skin surface temperature at both the site of spray application and a site 5 cm away was measured using infrared thermography (Thermo tracer TH9260, NEC Avio Infrared Technologies Co., Ltd.). Upon completion of each test, the skin was wiped with warm nonwovens to eliminate the sensation of the previous spray. We confirmed that the skin surface temperature returned to the initial temperature before the next test.
Results and Discussion
1 Effect of varying ratios of water and ethanol in aerosol spray on heat transfer from the heated plate
The changes in heat loss, from the various samples, after spraying are shown in Fig. 2 . A rapid increase in heat loss occurred as soon as spraying was initiated, and the maximum heat loss after spraying depended on the ratio of water and ethanol, which differ in their heat of vaporization, as shown in Fig. 3 . This is reflected in the results, as the spray with a high ratio of ethanol, such as ET100 and ET75, showed larger values of heat loss during the initial ten seconds. The variations in heat loss between the samples decreased after one minute.
The first
The second n=9 (7 males, 2 females) n=11 (9 males Table 2 Details of experimental conditions.
The lowest surface temperature in the sprayed area was measured and is shown in Fig. 4 . The evaporation of ethanol occurred much faster than that of water, thus, the evaporation of water gradually proceeded after the evaporation of ethanol, and was observed as a delay in the increase of skin surface temperature.
2 Cool, comfort and "shittori" sensation evoked
by spraying the skin
2. 1 The threshold value of coolness and comfort sensation
The subjective values of warm or cool sensations in the spray area, for all subjects, versus the heat plate temperature are shown in Fig. 5 . The number of subjects reporting the thermal stimulus as a "comfort" was counted and the ratio to all subjects is shown as bars in the graph. The results from the March test indicate that the neutral thermal zone was in the range of 23 to 30°C, which is higher than room temperature (20°C). Above this temperature range, subjects felt warmness, and more than 50% of the subjects responded that this warmness was comfortable. When the temperature of the heated plate was set at 15°C, all subjects responded "slightly cool" to "very cool", and 62.5% of the subjects felt uncomfortable. The subjective values of thermal sensation, from the July test, are widely scattered compared to the results obtained in March. The neutral thermal zone shifted to a range of 15 to 34°C, depending on the subject. Opposite trends are clearly seen, in terms of the sensation of comfort, when comparing these seasonal results. Warm stimuli, above 34°C, evoked a sense of comfort in March; however, the same thermal stimuli evoked a sense of discomfort in July.
2. 2 Changes in skin surface temperature by spraying
The lowest skin surface temperature in the sprayed area, shown in Fig. 6 (a) , was recorded, and temperature changes for ten seconds using all samples are plotted in Fig. 6 (b) . Each point represents the mean value of all subjects for the July test. A temperature drop of approximately 10°C occurred immediately after spraying, and the temperature subsequently increased, as shown in Fig. 5 . The following equations were obtained based on these results:
where T s and T 0 are the skin surface temperature before spraying and immediately after spraying, respectively, and T 1 is the skin surface temperature one minute after spraying. The parameter ∆T 0 is considered to be related to the sensation of rapid cooling and ∆T 1 is the recovery of coolness.
Both ∆T 0 and ∆T 1 for different concentrations of ethanol are shown in Fig. 7 . ET0, which does not contain any ethanol, produced larger temperature changes than samples with higher concentrations of ethanol. However, in the case of the simulation test, the surface temperature of the filter paper using ET0 was lower than the other samples. The water portion of the sprayed sample penetrated into the filter paper much faster compared to the surface of the skin. The water temperature of the ET0 sample was equal to room temperature (20°C), and the skin surface temperature measured using infrared thermography could have been the temperature of the water that remained on the surface of the skin from the ET0 sample. In this case, ∆T0 of the ET0 sample showed a different tendency from that shown in Fig. 4. 
2. 3 Subjective evaluation of coolness, comfort and "shittori"
In the present study, results indicate that the surface temperatures generated using aerosol spray were inside the zone of cool to neutral thermal sensations, as shown in Fig. 5 . Subjective evaluation by Scheffe's method of paired comparison was statistically analyzed, and no significant Skin Surface Temperature (℃)
T S difference was seen between the main effects of "coolness" immediately after spraying. Subjects were unable to detect any difference among the various samples. As shown in Fig. 7 (a) , ∆T0 depends on the concentration of ethanol, and the difference of ∆T0 between ET0 and the other samples was about 5°C; however, this difference was not subjectively perceived. Subjects could, however, feel the different levels of "coolness", a difference of 5°C, as the heated plate touched their skin, as previously shown in Fig. 5 . In the case of the aerosol spray, subjects may have felt a strong cooling sensation for all samples, but could not perceive any difference in the sensation generated between samples. A significant difference (p<0.01) was found between ET0 and the other samples, in data from the March test, for "comfort" evaluated immediately after spraying. During this test, subjects reported the spraying of ET0 as an uncomfortable cooling. ∆T0 for ET0 in the March test ranged from 8.2 to 17.2ºC, and T 0 was approximately 14°C, and this range of temperatures was evaluated as uncomfortable, as seen in Fig. 5 . A significant difference in the main effect of "coolness" evaluated one minute after spraying was seen between ET0 and the other samples for both the March and July tests; however, significance between the "coolness" and ∆T 1 was not seen. The relationship between a cool feeling and a sensation of comfort one minute after spraying for the March test is shown in Fig. 8 , and ET0 was evaluated as producing a much cooler and unpleasant feeling than the other samples. The decrease in skin surface temperature (∆T0) for ET0 was larger than that for the other samples because the skin remained wet from the larger water content of the spray. Moreover, the evaporation of water from the skin was slower than that of ethanol, and the subjects felt coolness continuously for one minute.
On the other hand, in July, when the room temperature was 27°C, no significant difference in comfort was seen even one minute after spraying. As shown in Fig. 5 , when the temperature of the heated plate increased from 29 to 30°C, subjects started to sense discomfort. The skin surface temperatures one minute after spraying, for all subjects, ranged from 29.2 to 29.9°C, depending on the sample. It is possible that comfortable cooling is not perceived within this range of skin temperatures (29.2 to 29.9°C), and subjects were unable to evaluate both coolness and comfort.
The cooling sensation resulting from a one-second spray to the skin may persist even after the thermal stimulus has vanished, and ET75 was preferred for providing cooling comfort, as shown in Fig. 8 . Subjects also answered whether or not they perceived the "shittori" sensation one minute after spraying, and the ratio of affirmative answers for "shittori" to total answers was calculated. The ratios of perceived "shittori" sensation for each sample versus the ratios of ethanol in each sample are shown in Fig. 9 . More than half of the subjects reported no "shittori" sensation, but higher contents of water in the aerosol spray tended to evoke a greater "shittori" sensation for subjects actually perceiving the sensation, as seen in the March and July tests.
The ratio of affirmative answers for "shittori" to total answers for the July test is higher than the ratio for the March test. The mean moisture content of the skin for all subjects before spraying was 32.3 and 34.7%, for March and July, respectively, and it is possible that the difference in skin moisture influences the difference in the "shittori" sensation between seasons. Subjects felt the greatest sensation of coolness with ET0, as shown in Fig. 8 . , and it is necessary to perceive both a sensation of coolness and "shittori" simultaneously.
Conclusions
Coolness and the sensation of comfort was investigated by applying aerosol spray to the skin, and resulted in the following conclusions, (1) ET75 (Water/Ethanol ratio: 1/3, w/w) was preferred for providing a cooling comfort as the spray was applied, (2) a higher concentration of water in the spray evoked a stronger "shittori" sensation, accompanied with a sense of coolness, when the room temperature was 20°C, and (3) subjects could not evaluate coolness and comfort one minute after spraying when the room temperature was 27°C, because the skin temperatures of subjects were approximately 29°C, beyond the threshold for sensing coolness.
People can perceive coolness and a sensation of comfort using aerosol spray. The present study demonstrates the possibility of using these sprays to regulate the temperature underneath clothes and generate a comfortable environment.
